This paper addresses a fundamental question in conservation ecology, which is the balance between rebuilding of a species' population and exploiting them, by examining an appropriate sustainable management regulation for Pacific Bluefin tuna. The population of Pacific Bluefin tuna has been heavily depleted to just 2.6% of its historic unfished size by many years of overfishing. In order to rebuild the population, an immediate implementation of a moratorium on all commercial fishing was proposed by NGOs such as the Pew Charitable Trusts and Greenpeace. The primary objective of this paper is to examine the necessity of the moratorium as a sustainable stock management regulation. The paper concludes that an additional 10% reduction in catch limit of fish less than 30 kg could be a better alternative management regulation than a total ban on all fishing. This option can increase the probability of the stock recovery, while allowing to catch as many large fishes as under the current management regulation. Through the examination of sustainable stock management for Pacific Bluefin tuna, it can be said that it is important to consider the balance between the recovery of the population and utilization of them. Since millions of people rely on the consumption of the species, it is more realistic to gradually rebuild the population with an intermediate target and an efficient additional catch limit. This consideration can be applied to conservation of other species such as whales and eels.
Introduction
The initial purpose of this paper is to examine the necessity of a moratorium on all commercial fishing as sustainable stock management of Pacific Bluefin tuna (Thunnus orientalis). Pacific Bluefin tuna is a highly migratory species of great economic importance found throughout the North Pacific Ocean. They mature at 3 to 5 years and live for more than 20 years. The latest stock assessment for Pacific Bluefin found that the population has been heavily depleted to just 2.6% of its historic unfished size by nearly a century of overfishing [1] . In order to end the overfishing, the Pew Charitable Trusts and Greenpeace proposed immediately implementing a moratorium on all commercial fishing for Pacific Bluefin tuna. On the other hand, however, the tuna is an important source of protein for In the following sections, the paper examines pros and cons of the current management plan, rationales for a moratorium, and the possibility for alternative management regulation. The paper reveals that gradual rebuilding of the population with an additional catch limit is more realistic way as sustainable stock management. The paper concludes with a statement that it is important to consider the balance between the recovery of the stock and exploitation of them rather than a simple calculation of conservation since millions of people rely on the consumption of Pacific Bluefin.
Background
Until very recently, it was believed that Pacific Bluefin tuna was not in an overfished condition, even though overfishing was occurring [2] . On the other hand, as sushi and sashimi markets developed all over the world in the 1980s, the demand for Bluefin tuna grew dramatically. Fisheries expanded, and fishing pressure increased significantly due to their commercial activities. In particular the catch of age-0 fishes has increased significantly since the early 1990s [1] . 
Pros and Cons of the Current Management
The 
Rationales for a Moratorium on All Commercial Fishing
Although ISC scientists cannot precisely estimate how few spawning Pacific Bluefin tuna would be too few to sustain the population due to the limitation of the projection, the population is likely to be reaching that point. It might be too late when a recruitment decline is evident in the data and there are few juvenile fish to be caught. The earlier catch limits take place, the more quickly the depleted stock can rebuild.
In order to begin the process of rebuilding the population for the future, some 
Repudiation
Since Pacific Bluefin tuna is an important source of protein for millions of people, it would be necessary to think about this issue from a perspective of sustainable utilization of the stock rather than total ban on all catching. Actually, as the convention clearly states, the principle of WCPFC is also to adopt measures designed to maintain stock levels capable of producing maximum sustainable yield (hereinafter called "MSY") and promote their optimum utilization [5] .
MSY is the maximum catch that can be indefinitely taken from the stock, and in theory MSY would be exactly at half the carrying capacity of a species.
From the perspective of maximum sustainable utilization of the stock, it is difficult to say that SSB current, F = 0 is an appropriate reference point. 20% SSB current, F = 0 is used as the biomass depletion-based limit reference point for other tuna stocks, including skipjack, yellowfin, bigeye, south Pacific albacore and north Pacific albacore. On the other hand, as Figure 2 shows, Pacific Bluefin tuna stock has historically remained below SSB current, F = 0 for the last 60 Figure 2 . Estimated spawning stock biomass of Pacific Bluefin tuna [6] .
years from 1952. Moreover, since SSB current, F = 0 is an estimated value as the theoretical SSB size without fishing assuming recent levels of recruitment, the value fluctuates so widely due to changes in the input data and the assessment models that it is not suitable to a reference point in practice.
Also, a smaller number of spawning Bluefin does not necessarily mean that recruitment will be low. Pacific Bluefin tuna are very productive. The females can spawn millions of eggs in one year. Given the many eggs that each mature female can spawn, it is entirely possible to see many juvenile fish while the quantity of spawning fish is still very low [7] .
Possibility for Alternative Management Regulation
In light of the balance between the conflicting requirements, namely rebuilding of Pacific Bluefin tuna population and consuming them, it is more realistic to pursue SSBMED as an intermediate goal, rather than unprecedented SSB current, F = 0 by implementing a moratorium on all commercial fishing. Unlike widely fluctuating SSB current, F = 0, the value of SSBMED is stable because it is a historical median for several decades. For example, if 1952-2012 is chosen, then SSBMED is estimated to be 41,069 tons, and if 1952-2014 is chosen, SSBMED is 40,994 tons [8] . Nevertheless, as pointed out above, it should be noted that ISC's projections could include uncertainty in estimation of model parameters. Although ISC's projection says that rebuilding to SSBMED by 2024 can be reached under the current management regulation with 69% probability, this could not be high enough to secure the goal.
According to ISC's projection results, the probability of achieving SSBMED by 2024 would increase if more conservative management measures are implemented. The prospect of recovery is highly dependent on the definition of "small fish" and catch limit. If the definition of "small fish" is changed from the current definition (≥30 kg) to the larger size, it has positive impact on the stock recovery. This is because the impact of fishing on a stock depends on both the number and size of the fish caught by each fleet. Catching a high number of smaller juvenile fish can have a greater impact on future SSB than catching the same weight of larger mature fish. Also, an additional reduction in catch limit would provide a higher probability of reaching a higher biomass [1] .
Among several scenarios, as shown in Table 1 and Figure 3 , it seems to be most efficient to implement an additional 10% reduction in catch limit of fish less than 30 kg. This option can increase the probability of achieving SSBMED by 2024 to 90%, while allowing to catch as many large fishes as under the current management regulation. This could be a better management regulation than both the current management and the moratorium. Still, it should be noted that the projection's results are based on certain biological and other assumptions. If conditions change, the projection results would be more uncertain.
Conclusions
In light of the balance between the conflicting requirements, it seems to be more practical to pursue SSBMED as an intermediate goal, rather than unprecedented SSB current, F = 0 by implementing a moratorium on all commercial fishing.
According to ISC, SSB of Pacific Bluefin can recover to the historical median by Figure 3 . Comparisons of various future projection scenarios [1] . *The line of historical median was drawn by the author.
2024, the initial WCPFC goal, with 69% probability under the current management regulation. On the other hand, the NGOs called for the moratorium in order to rebuild the population to 20% of unfished SSB. Pacific Bluefin, however, has yet to achieve this stock level for the last 6 decades. On the other hand, it should be still noted that 69% probability is not statistically high enough to secure the recovery to SSBMED taking into consideration uncertainties in estimation of model parameters. Thus, an additional 10% reduction in catch limit of fish less than 30 kg could be a better alternative management regulation. This option can increase the probability of achieving SSBMED by 2024 to 90%, while allowing to catch as many large fishes as under the current management regulation.
Through the examination of sustainable stock management for Pacific Bluefin tuna, it can be concluded that it is important to consider the balance between the recovery of the population and exploitation of them. Although it is easy to say that a moratorium on catching is necessary to rebuild the population of a species, we should also take into consideration that millions of people rely on the utilization of the species. This conclusion can be applied to conservation of other species, such as whales and eels, of which there are controversies over the sustainable use [9] [10] [11] . The fundamental conflict between the rebuilding and the utilization of a species can be often found in practice of conservation ecology. It is important to be balanced between the conflicting requirements rather than a simple perspective of conservation such as total ban on all catching. Although it is difficult to calculate stock level capable of producing MSY in practice, we should not give up on a stock management which can simultaneously realize sustainability and maximum use of the species.
